Abstract 23 24
This work presents a study about the elimination of anticancer drugs, a group of 25 pollutants considered recalcitrant during conventional activated sludge wastewater 26 treatment, using a biological treatment based on the fungus Trametes versicolor. A 10-L 27 fluidized bed bioreactor inoculated with this fungus was set up in order to evaluate the 28 removal of 10 selected anticancer drugs in real hospital wastewater. Almost all the tested 29 anticancer drugs were completely removed from the wastewater at the end of the batch 30 experiment (8 d) with the exception of Ifosfamide and Tamoxifen. These two recalcitrant 31 compounds, together with Cyclophosphamide, were selected for further studies to test 32 their degradability by T. versicolor under optimal growth conditions. Cyclophosphamide 33
and Ifosfamide were inalterable during batch experiments both at high and low 34 concentration, whereas Tamoxifen exhibited a decrease in its concentration along the 35 treatment. Two positional isomers of a hydroxylated form of Tamoxifen were identified 36 during this experiment using a high resolution mass spectrometry based on ultra-high 37 performance chromatography coupled to an Orbitrap detector (LTQ-Velos Orbitrap). 38
Finally the identified transformation products of Tamoxifen were monitored in the 39 bioreactor run with real hospital wastewater. 40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 66 67
Introduction 69
Cancer is ranked (year 2012) in the second place (21%) of non-communicable diseases 70 (this means non-infectious and non-transmissible medical conditions) which are causing 71 deaths, after cardiovascular illness (48%) and followed by respiratory diseases (12%) 72 (www.who.int); for that reason the high consumption of the drugs for chemotherapy 73 treatments has became a cause of concern. These specific drugs have been shown to have 74 potent cytotoxic, genotoxic, mutagenic, carcinogenic, endocrine disruptor and/or 75 teratogenic effects in several organisms, since they have been designed to disrupt or 76 prevent cellular proliferation, usually by interfering in DNA synthesis or disrupting the 77 endocrine system. The occurrences of these drugs in the aquatic environment could be 78 especially critical since they are intrinsically hazardous. Several ecotoxicological studies 79 have shown that in some cases such as for the cancer drug 5-Fluorouracil, the lowest 80 observed-effect concentration values (in algal and bacterial assays) were close to the 81 concentration found in sewage effluents (Zounkova et al., 2007) . More recently, studies 82 have revealed that mixtures of anticancer drugs in real samples possess an important 83 toxicological effect comparing with the individual drug (Mater et al., 2014) . 84
In general these so-called anticancer drugs can be released to the aquatic environment via 85 hospital or domestic wastewater (Kovalova, 2009; Kosjek and Heath, 2011; Ferrando-86 performed at hospital wastewater effluent prior to the connection with the WWTP. In 159 order to isolate the effect of T. versicolor onto the pollutants so discarding the activity 160 from the rest of microorganism present in the wastewater, two treatments were tested in 161 the wastewaters: Sample 1 was sterilized while Sample 2 was not sterilized. 162 Villiers le Bel, France). 50 mL of each sample was loaded at 1 mL min-1 in the Oasis 226 HLB (200 mg, 6 mL) cartridge previously conditioned using 5 mL of methanol followed 227 by 5 mL 0.1 % formic acid solution at 2 mL min -1 . Elution was performed with 10 mL at 228 a flow rate of 2 mL min -1 using pure methanol. The extract was evaporated under gentle 229 nitrogen stream using a Reacti-Therm 18824 System (Thermo Scientific) and 230 reconstituted with 500 µL of methanol-water (10:90, v/v). Finally, 5 μL of standard of 231 internal standard mix at 10 ng μL -1 was added in the extract for internal standard 232 calibration and to compensate possible matrix effect. In this case, the removals from wastewater at the end of the experiment were also high for 312 Azathioprine (100%), Etoposide (100 %), Ciprofloxacin (97%), Ifosfamide (61 %) and 313
Tamoxifen (48%) ( Table 1) . 314
315
In both sterile and non-sterile treatments, the highest laccase activity (about 100 U L Cruz-Morató, C., Rodríguez-Rodríguez, C.E., Marco-Urrea, E., Sarrà, M., Caminal, G., 532 Vicent, T., Jelić, A., Garcia-Galán, M.J., Pérez, S., Díaz-Cruz, M.S., Petrović, M., 533
Barceló, D., 2012. + but they shown differences in the abundance and presence of some the fragments due to the different position on the group hydroxyl which is affecting the mechanism of fragmentation. 
